prevention and treatment of early osteoarthritis. Previously, osteoarthritis was considered to be a result of "wear and tear" process. In recent years, thanks to numerus clinical researches, it has been regarded as a very complex multifactorial disease resulting from a variety of risk factors including age, gender, ethnicity, daily life and habits, obesity, physical activity, as well as hormonal, mechanical, and genetic factors [5] [6] [7] . However, the detailed aetiology of osteoarthritis is still not fully understood. It is well known that articular cartilage plays critical roles in maintaining the structure and function of the joint. The cartilage degradation is considered to be one of the most prominent hallmarks of OA. As the only celltype in the cartilage, chondrocytes regulate the homeostasis of cartilage. Disturbed chondrocyte behaviors such as apoptosis and/or cellular senescence have been demonstrated to be involved in cartilage degradation. Thus, the risk factors contributing to these processes may play important roles in the pathogenesis of OA. Although the mechanism remains elusive, the relative contribution of chondrocyte apoptosis in the pathogenesis of OA has been well established in numerous studies. Several molecules contributing to chondrocyte apoptosis have been suggested to play important roles in the development of OA. Moreover, because OA is an age-related cartilage degenerative disease, accelerating data has revealed that chondrocyte senescence might ultimately be responsible for the onset of OA. The importance of SA-βgal, caveolin 1 and some other senescence markers in the maintenance and destruction of chondrocyte behavior have been reported by different research groups [8] [9] [10] [11] [12] .
In the last several years, accelerating evidence indicates that the innate immunity system and inflammatory response play essential roles in the occurrence and progression of osteoarthritis [13] [14] [15] . The innate immune system plays a pivotal role in host resistance and tissue homeostasis, which is mediated by pattern-recognition receptors (PRRs). PRRs could sense pathogen-associated molecular patterns (PAMPs) or danger-associated molecular patterns (DAMPs), and then trigger the immune response. Five different classes of PRRs have been identified, including Toll-like receptors (TLR), C-type lectin receptors (CLRs), Nod-like receptors (NLRs), RIG-I (retinoic acid-inducible gene-I)-like receptors (RLRs) and cytoplasmic DNA receptors [16] [17] [18] . Recent evidence suggests that some classes of activated PRRs, including TLRs and RLRs, may contribute to the onset and progression of osteoarthritis [19] [20] [21] [22] . For example, RAGE (the receptor for the advanced glycation end-products) signaling participates in the development of OA via regulating MMPs and ROS levels [23] . TLR4 signaling also plays pivotal roles in the pathogenesis of OA, and modulating TLR4 signaling in joint tissues is suggested to be a promising target for the therapy of OA [24] . However, some other reports represented controversial results in their studies [25] . Thus, further works are needed to obtain more direct evidence for the participation of PRRs in the pathogenesis of osteoarthritis.
RIG-I (also known as DDX58) is the prototype of the RLR family. Its critical roles in the initiation of anti-viral innate immune responses have been well established. In resting cells, RIG-I is maintained as a monomer in an auto-inhibited state by the repressor domain that functions as an inhibitor. Upon binding to the nonself-ligand RNA in the presence of ATP, RIG-I changes its conformation to expose the CARD (caspase activation and-recruitment domain) domains for signaling [26] . Then the activated Rig-I recruits and activates the downstream mitochondrial antiviral signaling protein MAVS (mitochondrial antiviral-signaling protein; IPS-1/VISA/Cardiff) via CARD-CARD manner, and MAVS subsequently serves as a scaffold that mediates the assembly and activation of the signaling cascades [27] . Radwan and colleagues reported that RIG-I was upregulated in hip cartilage of osteoarthritis patients. They also found that dsRNAmediated induction of MMP13 required RIG-I, but not MAVS, in chondrocytes. However, the underlying mechanism remains unclear [22] .
To further investigate the role of RIG-I and MAVS in the pathogenesis of osteoarthritis, we conducted this study. We totally genotyped and analyzed 4 SNPs (rs10813831, rs10813821, rs11795343, rs659527) of RIG-I gene and 4 SNPs (rs17857295, rs2326369, rs7262903, rs7269320) of MAVS gene in 602 OA patients and 454 normal controls of Chinese Han origin, and analyzed their association. To further evaluate the potential role of MAVS, we introduced the murine MAVS expression vector into mouse ATDC5 chondrogenic cell line and assessed the cell viability and apoptosis compared with control vectors. To our knowledge, this study is the first to date to evaluate the relationship between the single nucleotide polymorphisms in these two genes and the susceptibility of OA, and the first time to access the role of MAVS in chondrocytes apoptosis and cartilage homeostasis. Our work may provide further insights into the contribution of RIG-I-MAVS signaling related genes in the pathological process of OA.
MATERIALS AND METHODS

Study population
The sample set consisted of 602 unrelated osteoarthritis (159 males and 443 females; 64.5±9. 5 
Genotyping
Genomic DNA was isolated from EDTA peripheral blood using QIAamp blood extraction kit (Qiagen, Hilden, Germany) following the manufacturer's instructions. All DNA samples were genotyped for RIG-I and MAVS single nucleotide polymorphisms using allelic specific multiple ligase detection reactions (LDR) according to the standard protocol which were carried out by the Shanghai Generay Biotech Co., Ltd. (www.generay.com.cn/). 10% samples were then confirmed by DNA sequencing to test the validity.
Plasmid construction
Full-length cDNA of Mouse MAVS (NM_144888.2) was amplified by RT-PCR using the forward primer 5′-GAAGGATCCGGTCCGAGTCACTCCAGAAGC-3′ and the reverse primer 5′-AATAAGCTTCCCTGGGCC AGGCGCCTACTACG-3′. The PCR product was sequenced and cloned into pcDNA™3.1/myc-His(-)B vector between the BamHI and HindIII sites. N-terminal Flag-tagged Mouse MAVS was cloned into pFLAG-CMV-4 vector between HindIII and BamHI sites, PCR primers used as follow, forward primer 5′-GGGAAGCTTACATTTGCTGAGGACAAGACCTAT AAG-3′, reverse primer 5′-AATGGATCCTCACTGGG CCAGGCGCCT ACTAC-3′.
Cell culture and transfection
The murine ATDC5 chondrogenic cell line were cultured in DMEM/F12 medium containing 10% FBS, 100 U/ml penicillin and 100 µg/ml streptomycin in a humidified incubator at 37º C containing 5% carbon dioxide. The cells were transfected with pcDNA™3.1/myc-His(-)B empty vector and MAVS expressing vector using Lipofectamine 2000 (Invitrogen) according to the manufacturerˊs instructions. 48 hours after transfection, cells were collected for apoptosis assay and western blot analysis.
Western blot
The cell lysates were prepared by using RIPA buffer (1% Nonidet P-40, 0.5% sodium deoxycholate, 0.1% SDS in PBS) with protease inhibitors (Roche). The protein concentration was assayed by Bradford method, and 20 μg proteins were separated by 10% SDS-PAGE. Standard procedures were used for electrophoresis and immunoblotting analyses. A monoclonal antibodie to Myc-tag (Santa cruz) and a rabbit polyclonal antibody against Gapdh (Sangon) were used as the primary antibodies. The membranes were incubated with IRDyeCW800-conjugated anti-mouse or anti-rabbit immunoglobulin (LI-COR), and scanned with the LI-COR Odyssey imaging system.
Cell viability assay
The murine ATDC5 chondrogenic cell line were seed in a 96-well plate at a density of 1500 cells/well, and transfected with pcDNA™3.1/myc-His(-)B empty vector and MAVS expressing vector, respectively. Cell proliferate ability was evaluated at 0, 1, 2, 3 and 4 days using Cell Counting Kit-8 (Dojindo) according to the protocol of the manufacture. After incubated with CCK8 at 37 º C for 2 h, the absorbance of each well was measured at 450 nm wavelength using a microplate reader (Biotek).
Apoptosis analysis
48 hours after transfection, apoptosis of the cells were detected using Annexin V Apoptosis Detection Kit (eBiosicence) following the manufacturer's instructions.
Flow cytometric analyses were carried out on FACSVerse (Becton Dickinson). Data analysis was carried out using FACSuite software (Becton Dickinson).
Statistical analysis
The differences in the genotype and allele distributions between patients and controls were examined using the χ2 test for independence. In detail, we used Haploview 4.1 to estimate the Hardy-Weinberg equilibrium, linkage disequilibrium, and allelic and haplotype distribution. Hardy-Weinberg equilibrium testing, P-value computations (P > 0.05), in both healthy control and patient groups, odds ratios, allele frequency, and genotypic association were calculated by using SHEsis software (http://analysis.bio-x.cn) [28] [29] [30] .
RESULTS
SNPs test in case-control study
The linkage disequilibrium (LD) block structure consisted of the 8 SNPs located in RIG-I and MAVS genes have been analyzed. (Fig. 1A and 1B) We found that HWE of rs10813831 in RIG-I gene is < 0.05, so this SNP was eliminated after the subsequent analyses. 
Allele and genotype analyses in total group
In RIG-I gene, rs11795343 showed marginal significant with OA in allele analysis {P-allele: 0. 
Allele and genotype analyses in female group and male group
In order to find whether gender factor play a role, we subdivided the total subjects to female and male groups. In female group, the results showed that, in RIG-I gene, rs11795343 was still marginal significant with OA in allele analysis {P-allele: 0. 
Haplotype analyses
Haplotype analyses were also done and the results showed that G-C-G in rs10813821-rs11795343-rs659527 block of RIG-I gene was significantly associated with OA {χ (Table 4) .
Reduction of cell growth and induction of cell apoptosis by overexpression of MAVS in murine ATDC5 chondrogenic cell
To further evaluate the potential role of MAVS in the pathogenesis of OA, we constructed the expression vectors harboring of murine MAVS. Then the vectors were transfected into murine ATDC5 chondrogenic cell. Successful increases in MAVS expression were measured using western blot (Fig. 2A) . The effect of MAVS overexpression in regulating the proliferation of ATDC5 cells was detected by using a CCK-8 cell proliferation assay at baseline and after 1, 2, 3 and 4 days after transfection. As shown in Fig. 2B , MAVS overexpression led to consistently decreased cell proliferative capabilities compared with the control cells (P < 0.01). To analyze the function of MAVS in ATDC5 cell apoptosis, an annexin V/PI staining and FACS assay was used at 48-h posttransfection. The results revealed that over expression of MAVS promotes the spontaneous apoptosis of ATDC5 chondrogenic cells (Fig. 2C, 2D ). Considering that MAVS is a C-tail unchored mitochondrial outer membrane protein, we also used the N-terminal flag-tagged MAVS construct to replicate this experiment and got a similar result (Fig. S1 ). These data indicated that MAVS overexpression result a reduction of cell growth and induction of cell apoptosis in murine ATDC5 chondrogenic cell. 
DISCUSSION
Osteoarthritis is the most common type of joint disease leading to huge socioeconomic problems worldwide. According to the data from WHO, about 9.6% of men and 18.0% of women over 60 years old have symptomatic osteoarthritis, and 25% of those with osteoarthritis cannot perform their major daily activities of life.
(www.who.int/chp/topics/rheumatic/en/).
Thus, it becomes so important to clarify the pathological mechanism of osteoarthritis. Osteoarthritis is a degenerative disease characterized by progressive loss of articular cartilage, joint space narrowing, sclerosis of subchondral bone and synovial inflammation. Although the detailed etiology of this disease remains poorly elucidated, it is thought to be a multifactorial disease with a complex pathogenesis caused by the interaction of genetic and environmental risk factors [31, 32] . During the last decade, studies have indicated that more than 50% of osteoarthritis can be attributed to genetic factors, and a number of OA susceptibility loci have been identified by using genetic studies such as candidate gene studies, linkage studies in multi-case families, twin studies and genome-wide association studies (GWAS) [33] [34] [35] . Table 3 . Allele and genotype frequency of the 7 loci in male group. In this study, we initial genotyped 4 SNPs in RIG-I gene and 4 in MAVS gene. For the reason that HWE value of rs10813831 in RIG-I was minor than 0.05, we discarded this SNP and finally selected the other 7 polymorphisms during the following tests. The results indicated that both RIG-I and MAVS genes might play important roles in OA in Chinese Han Population, especially the latter. In the total group, RIG-I was marginal significant associated with OA, and MAVS was significant associated with this disease. After being subdivided into male group and female group, the trend stayed the same. Furthermore, the haplotype results still supported the trend above. The results showed that G-C-G haplotype in the block of rs10813821-rs11795343-rs659527 in RIG-I gene, and C-C-C-C haplotype in the block of rs17857295-rs2326369-rs7262903-rs7269320 in MAVS gene were marginal significant. Besides, in rs17857295-rs2326369-rs7262903-rs7269320 block of MAVS, G-C-A-T and G-C-C-C were positively associated with OA. These results of our case-control study have thrown a light on the important role of RIG-I and MAVS genes in the OA. Besides, the results indicated that there is some relationship between RIG-I and MAVS genes. MAVS is a mitochondrial transmembrane protein that contains a N-terminal caspase activation andrecruitment domain (CARD) and a C-terminal transmembrane domain (TM). It has been demonstrated that MAVS plays a central role in bridging the interaction between RLRs and downstream effectors during anti-viral innate immune response [36, 37] . However, emerging evidence indicates that MAVS is essential in cell death signaling. The ectopic MAVS expression led to significant reduction in the cell viability and induction of cell apoptosis in a dose-dependent manner [38, 39] . To further explore the physiological role of MAVS in the development of osteoarthritis, we introduced the murine MAVS expression vector into in the mouse chondrogenic cell line ATDC5. As expected, transient MAVS expression in ATDC5 cells resulted in a significant loss of cell viability and marked induction of apoptosis compared with the control cells. Several studies have shown that changes in chondrocyte behavior, such as enhancement of chondrocyte apoptosis and necrosis were involved in the pathogenesis of OA. Although more precise work is needed to find the functional role of MAVS playing in the homeostatic control of chondrocyte, our data indicate that MAVS disrupts cartilage homeostasis and promotes the progress of OA by enhancing the apoptosis of chondrocytes. Haplotypes observed in <1% of the control subjects are not listed in the table. OR: odds ratio; the OR in one block for each haplotype was calculated by using all the other haplotypes in the same block as the reference haplotype. Significant P values (P < 0.05) are in bold.
Genes
On the other hand, there are several potential limitations of our study which should be declared here. Firstly, the patients and controls in our study were all from Yantai area. So, multi-center studies based on samples from different regions would give us more convincing results. Secondly, the relative small sample size in the male group may have reduced the power of the statistical analyses. And absence of assessment on the relationship between gene expression levels and development of OA might be another limitation. In spite of these limitations, our study represents the first attempt to evaluate the potential role of RIG-I and MAVS in the pathogenesis of OA. The data indicated that RIG-I and MAVS are probably associated with OA, and MAVS might be a risk factor for OA in the Chinese Han population, especially in the females. The ectopic MAVS expression caused chondrocytes apoptosis might be responsible for the development of osteoarthritis.
Although replications based on independent samples of further studies are necessary, the current study provides some new insights into the relationship between innate immune related molecules and the pathogenesis of OA. All of these are absolutely useful in better understanding the underlying biology of this complex disease. Our present work and, hopefully, follow-up studies could shed more light on the effects of innate immune signaling cascade in chondrocytes behavior and cartilage homeostasis. And all of these will be much important for the prevention, diagnosis and therapy of osteoarthritis. 
